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1. Introduction 
The Eco-Silver House (ESH) is a multi-residential highrise building located in Ljubljana, Slovenia (figure 1). It 
is part of the FP7 EE-Highrise demonstration project, aiming to demonstrate new nearly zero energy building 
(nZEB) technologies, integrated design concept, systems for sustainable, nZEB construction in order to test and 
assess the technological and economic feasibility of innovative energy solutions in the highrise multi-residential 
building. The net total area covers a surface of 23.455 m2 in 17 floors (12.870 m2 net conditioned residential area in 
128 flats). 
The energy concept of the building with good insulation of thermal envelope and dynamic shading as well as the 
possibility of individual (intelligent) control of indoor conditions ensures that each apartment can function like an 
independent passive house. The U value of the building envelope varies between 0,17 W/(m2K) (walls) and 0,14 
W/(m2K) (roof), while the U value of triple glazed (Ug = 0,58 W/(m2K) window of standard dimensions is 0,83 
W/(m2K). The measured airtightness level of the building sectors, n50, is between 0,45 h-1 and 0,59 h-1 (Blower door 
test), i.e. bellow the design value of n50 = 0,6 h-1. The building is connected to the energy efficient municipal district 
heating, with wood biomass co-burning and cogeneration. Each apartment has its own heat substation for space 
heating and domestic hot water, while electricity is used for operation of mechanical ventilation with heat recovery 
(system efficiency of 0,85) and for an inverter heat pump, air to air, for preheating or precooling of the inlet air. 
Cooling needs are negligible in standard usage profile. 
The fundamental principles of sustainable design of ESH are reflected through comprehensive planning of  
energy efficiency features with respect to passive house standard and national nZEB criteria. Among other by 
utilizing renewable energy sources, very good thermal insulation, dynamic sun protection, intelligent control and 
management of electric and mechanical devices, machinery and tools, a significant share of ecological materials. 
The building has rainwater stored in a 60 m3 roof tank, a micro solar power plant (34 kWp) on the roof, green roof, 
and e-mobility with car sharing. During the design and construction phase the focus of demonstration project was  
on implementation of integrated energy design and quality assurance (QA) protocols. ESH was completed in 2014 
and in 2015 entered in post-occupancy monitoring period, aiming at monitoring of the energy performance indicators, 
comfort parameters and users’ satisfaction as well as assessment of sustainable building indicators. 
ESH, with actual thermal envelope characteristics (as built), fulfils the commonly accepted passive house 
standard characteristics with a PHPP annual heating demand of 14 kWh/(m2a) and primary energy use for annual 
heating and cooling 106 kWh/(m2a). According to the national energy performance certificate ESH is ranked in 
energy performance class A1. The total delivered  energy is 51 kWh/(m2a)  and  corresponding primary energy is  
85 kWh/(m2a) (79 kWh/(m2a) with consideration of exported energy from PV power plant). ESH presents a new 
standard of the energy-efficient apartment building in Slovenian construction sector, meeting the new 2015 definition 
of nZEB in Slovenia, setting the maximum allowed primary energy for apartment buildings   to 80 kWh/(m2a). 
 
2. State of the art 
Nowadays, big complex ambitious low energy buildings are designed using integrated energy design (IED)  [1]. 
IED is a process where from the earliest stages of planning all stakeholders of the project work together. 
   
 
Fig. 1. Eco Silver House - design concept and a completed demonstration passive building. 
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Stakeholders form an interdisciplinary team of investor, architects, engineers and future users of the building. 
Each of them has own design know-how and his own view on the project. Together they set measurable goals, e.g. 
energy performance and comfort level, airtightness or operational costs of the building. The design roadmap with 
steps and milestones is also developed. Optimization starts when different ideas, design variants and alternative 
solutions are proposed and discussed within the design team. With enough time to evaluate them and enough 
information about each solution, the best solution for each design step is selected. Only in early design stages the 
team can operate at lowest costs for maximum impact. During this period, a shift from one solution to another is  
less costly and disruptions to the project are small. Using IED thus means forming a team and putting more 
workload to the start of the design process. Reducing the energy demand in the design phase requires involvement of 
different designers and engineers such as architects, building physicists, windows experts, façade designers and 
technology experts. 
Two important aims were targeted in IED of the demonstration building, i.e. the building design should allow 
reaching an adequate level of thermal comfort for the users and the building design has to lead to compliance with 
passive house criteria, where airtightness of the thermal envelope is the core precondition. Building energy use is 
closely related to the required thermal comfort level. However, in the traditional design process thermal comfort 
level is usually not monitored simultaneously with the optimization of the energy concept for low energy need for 
heating (EN ISO 13790). Dynamic simulation of thermal response of a building shows not only building energy 
performance, but also changing parameters of thermal comfort and thus enables the evaluation of comfort level. The 
latter has an equivalent importance as the energy performance, but is usually not considered as such [2]. 
Simulation of the indoor environment has already been used for assessment of different scenarios, before and 
after renovation [3], where an important contribution was the evaluation of the thermal comfort in the apartments 
with a survey distributed to inhabitants. The simulation focused on the relationship between energy consumption  
and thermal comfort. The study showed that without a thorough planning and technically correct implementation of 
renovation measures in residential building the thermal comfort can be influenced in an undesirable way. 
For successful implementation of the low energy design targets the quality of construction works is essential. 
Recently, the national Build Up Skills initiative demonstrated the need for better skilled on-site workers  and 
systems’ installers [4]. In order to facilitate the implementation of nZEB technologies and to meet nZEB targets on 
energy efficiency and share of renewables in buildings, the efforts for better skilled workers should preferably address 
the adult workers by various methods of informal vocational training [5]. 
 
3. Implementing quality assurance in construction of energy efficient highrise building 
3.1. Approach 
During the construction phase, common weak points of the installation of advanced energy efficiency technologies 
are quality of thermal envelope, air-tightness layer, and installation of windows according to the RAL guideline. 
EE-Highrise demonstration building accommodated pilot trainings for on-site workers, where various approaches 
were tested. The QA process for nZEB during the construction  phase  covered:  training  of  on-site working  
teams; video streaming of best practice applications of nZEB technologies; special coordination meetings of on-site 
workers, contractor, designers, investor and QA team; selected EE quality control on site. During the construction 
phase, the weak points of the installation of nZEB technologies were identified (i.e. thermal envelope, air-tightness 
layer, installation of windows according the RAL installation guideline). The QA was based on the plan-do-check- 
act principle where bottlenecks in nZEB-related skills were identified and missing experience integrated within 
corrective actions. 
The integration of the FP7 EE-Highrise project and the understanding of relatively rigid performance and feedback 
of the construction sector studied in detailed in Build Up Skills Slovenia project provided added value for both – 
reaching nZEB targets in demonstration as well as smooth provision of better skilled workforce. 
The benefits of implementation of QA are reflected not only in the technical aspects but also in improved 
processes and better skilled workforce as well as in profound understanding of barriers specific to various occupations 
and workers’ profile. The theoretical background of nZEB planning was integrated into   construction 
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process by defining of various protocols, where comprehensive knowledge and skills in the whole production chain 
(investor, designer, contractor, quality control, technology provider etc.) are essential for a success of such 
demonstration project. 
 
3.2. Impact 
The airtightness quality control of thermal envelope was based on repeated cycles comprised of control of building 
team competence and monitoring of end results. The check-points were planning, construction, compliance check of 
implemented works, remedial measures, intended to correct or improve deficiencies (e.g. detailed planning and labor 
force skills). The procedures can be  divided  into  two  phases,  the  early one  searching for  relevant conceptual 
and design solutions, and the latter one implementing accepted and approved technical solution and final quality 
control. 
During the design phase the airtightness concept passed various considerations changing from the concept of 
airtightness at the apartment level to the airtightness to the sector level, comprised of 3 to 5 apartment and the 
respective corridors (figure 2). As the interior of the building was made of prefabricated elements the design had to 
specify in detail the materials, products and technologies for sealing the joints. Special focus was put on airtight 
installation of windows with RAL guidelines prescribed as a mandatory standard. The procurement process was 
supported by an exhaustive list of technical parameters with specific requirements for detailed description of 
technological steps to be followed during the implementation. 
The risk management of construction process revealed important weak points: nZEB technologies are not 
sufficiently known neither by salesmen representatives not by blue collar workers. Therefore, comprehensive 
remedial activities were integrated in the scheme, from training, demonstration installation, video recording, on the 
job training, logging of work steps with clear responsibilities and documented knowledge transfer. 
The monitoring of the quality of executed works started with initial Blower door tests made by external institution, 
and due to low initial performance (table 1) the internal control by the contractor was imposed. The remedial 
activities resulted in significant improvement of the quality of the works, so that the final external control 
demonstrated the compliance with the targeted n50 value of 0,6 h-1. 
 
Table 1. Air exchange rate (n50) from Blower door test done during initial external quality control at demonstration phase, during internal 
control by a building contractor and during the final external quality control at the building completion. 
 
Airtightness zone – 
apartment or sector 
Apartment or 
sector code 
Area (m2) Quality control step Date n50 (h-1) 
description     
3-bedroom C-1-1 69.59 Initial external control 21.11.2013 1,04 
2-bedroom C-1-2 57,82 Initial external control 21.11.2013 0,88 
3-bedroom C-1-3 81,40 Initial external control 21.11.2013 1,92 
4-bedroom C-1-4 98,90 Initial external control 21.11.2013 1,36 
Sector C-1 C-1-1, 2, 3, 4 401,00 Internal control of contractor 12.5.2014 0,77 
Sector C-1 C-1-1, 2, 3, 4 401,00 Final external control 24.7.2014 0,58 
 
 
Fig. 2. Airtightness sectors C-1 (apartments C-1-1, C-1-2, C-1-3, C-1-4), B-1, A-1 covering three staircases of the 1st floor of the residential part 
of ESH building. 
2320   M. Šijanec Zavrl et al. /  Energy Procedia  78 ( 2015 )  2316 – 2321 
4. Design of thermal comfort 
IED process requires the information about the influence of dynamic elements of the thermal envelope planned 
for installation in order to prevent overheating and reduce or eliminate potential cooling needs. In line with the 
national energy efficiency guidelines, nZEB residential buildings should be designed in a way to avoid cooling 
needs. In order to optimize the thermal envelope characteristics as well as the entire energy concept of ESH the 
dynamic thermal behavior of the building was simulated. The focus was put on one of pilot apartments, foreseen for 
later post occupancy monitoring of thermal parameters. The building was presented with a pilot apartment, for 
which the simulation model shown in figure 3 was developed. Dynamic simulation tool IDA ICE was used for 
evaluation of thermal comfort, indoor air quality and energy consumption. Hourly climate data from test reference 
year for Ljubljana was used for the simulation of the energy balance, indoor air temperature, operative temperature 
and other thermal comfort parameters, which depend on transient boundary conditions. The main objective of the 
simulations was to identify a pattern of dynamic operation of shading devices that results in category II of indoor 
environment, i.e. the expected thermal comfort level in new residential buildings. 
 
 
Fig. 3. IDA ICE simulation model of a pilot apartment in ESH demonstration building. 
 
The evaluation of the thermal environment was performed using PMV and PPD indices. The PMV index predicts 
the mean value of a large group of people exposed to the same environment, on the 7-point thermal sensation scale. 
The PPD index establishes a quantitative prediction of the number of thermally dissatisfied people. The PPD 
predicts the percentage of a large group of people likely to feel too warm or too cool, i.e. voting hot (+3), warm  
(+2), cool (-2) or cold (-3) on the 7-point thermal sensation scale (CEN CR 1752). The category II has a PMV range 
from -0.5 to 0.5 and less than 10% PPD. The aim of this investigation is to show and compare the influence of 
shading on indoor environment in order to optimize and describe long-term thermal comfort. Standard EN 15251  
[6] in Annex F suggests three different methods (A, B, C) to evaluate and represent the comfort conditions over  
time, based on the data from measurements or obtained by dynamic computer simulations. The method C was 
applied for the observed room. Similar simulations with all methods were already been performed and assessed. The 
results show that different concepts will to a great extent will bring the same relative results [7]. 
The method C, “PPD weighted criteria”, shows the time during which the actual PMV exceeds the comfort 
boundaries, weighted by the factor, which is the function of PPD. This weighting factor, wf, is equal to 0 if the 
calculated PMV falls within a comfort ranges as described in the standard. If the value is over the upper/lower limit 
of the range, the wf is the ratio between the PPD calculated on the actual PMV and PPD calculated on the PMV 
limit. 
As a case study an apartment in the first floor of the ESH demonstration building in Ljubljana (Lat: 46.22°, Lon: 
-14.48°) was analyzed. The main working area subject to detailed analysis is a combined kitchen with a living room 
(lounge area), which is connected to an open terrace, the same way the adjacent bedroom is. The external wall is 
highly insulated (U = 0,17 W/(m2K), with triple-glazed windows (U = 0,83 W/(m2K), g = 46%). The apartment is 
occupied from 0:00 to 8:00 and 16:00 to 24:00 from Monday till Friday, and throughout the weekend. Clo value is 
set to 1,0 in winter and 0,5 in summer, while the Met value is set to 1,2 for the whole year. 
For the purpose of the evaluation, several measures were proposed, in order to compare the individual effects and 
optimize the final solution. In this paper the simulation for the lounge area with metal venetian blinds as  the 
proposed shading is presented. The list of proposed measures consists of: Case 1: No shading – baseline situation, 
Case  2: Shading throughout  the day,  Case  3: Shading  depending on the  maximum  set operative temperature     
(T = 26°C in summer, T = 24°C in winter; temperature range according to EN ISO 7730 and EN 15251). 
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